of diterpenoids, they are major targets of phytochemical studies. 11, 12) The main constituents of I. japonicus include ent-6,7-seco kaurane, and ent-kaurane-type diterpenoids, such as enmein (1) and oridonin (2) (Fig. 1) , [13] [14] [15] [16] [17] [18] [19] the antibacterial 20, 21) and anti-inflammatory 22, 23) activities of which have pharmacological effects against gastrointestinal disorders. In addition, some of the diterpenoids have an intensively bitter taste. 24) The Isodonis extract from I. japonicus is also used as a natural food additive in Japan to give a bitter taste to processed foods, such as beverages, ice cream, and confectionery. "The List of Existing Food Additives" in Japan states that "Isodonis extract" is obtained from the stems or leaves of hiki-okoshi (I. japonicus HARA), and that the main bitter component is enmein (1) .
On the other hand, some species of Isodon plants, collected and imported from various habitats and places are used as Isodonis Herba for a crude drug and a dietary supplement. In addition, it is possible to use these Isodon plants as the raw materials of the commercial Isodonis extracts. However, to our knowledge, there have been no previous investigations into the constituents and origins of Isodonis extract. September 10, 2007 In the present study, the internal transcribed spacer (ITS) sequences of Isodonis Herba nuclear ribosomal DNA (rDNA) were analyzed to determine the original plant species from which they were derived. The major Herba diterpenoids were analyzed using liquid chromatography (LC)/mass spectrometry (MS). We then examined the relationship between the major constituents and the classification according to DNA analysis, and discussed the origin of Isodonis Herba and commercial Isodonis extract products.
Authentication and Chemical Study of Isodonis Herba and Isodonis Extracts

Experimental
Materials and Reagents The commercial Isodonis extract product (Iso-E1) was obtained through the Japan Food Additives Association. Isodonis Herba samples (Iso-H1 to Iso-H8) were purchased from Japanese and Chinese local crude drug markets (Table 1) . Authentic I. japonicus plants (Iso-1 to Iso-3) were provided by Japanese botanical gardens. I. trichocarpus (Iso-4 to Iso-6) and I. shikokianus var. occidentalis (Iso-7) plants were collected from the mountains in Ishikawa Prefecture and Toyama Prefecture, Japan (Table 2 ). Voucher specimens were deposited at our institute as herbarium specimens. For the LC/MS analysis, authentic 1 was purchased from Koshiro Company Ltd. (Osaka, Japan). All other chemical reagents were of research grade.
Instruments DNA sequencing analysis was performed using an ABI Prism 3100-Avant genetic analyzer (Applied Biosystems, Foster City, CA, U.S.A.) equipped with a 50-cm capillary array. The system was controlled by 3100/3100-Avant Data collection software, and the obtained electropherograms were analyzed using Applied Biosystems DNA sequencing analysis software version 5.1.
The LC/MS system (FractionLynx MS Autopurification System; Waters, Milford, MA, U.S.A.) consisted of a 2767 one-bed injection-collection sample manager, a 2525 binary high-pressure LC pump, a column/fluidic organizer (CFO), a 2996 photodiode array detector (PDA), and a ZQ singlequadropole mass spectrometer equipped with a Z-spray electrospray interface. The complete system was controlled by MassLynx software version 4.0. The electrospray sources ran at a 4.0-kV capillary voltage, 120 and 350°C source and desolvation temperatures, respectively, and 350 and 50 l/h desolvation and cone gas flow rates, respectively. The cone voltage was 40 V. Full-scan acquisition between m/z 100 and 2000 was performed at a scan speed of 0.5 s/scan with a 0.1-s interscan delay. The solvent delivered to the electrospray interface was split in a 1 : 4 ratio, delivering to the interface at approximately 200 ml/min. The on-line PDA detector was monitored between 210 and 600 nm.
Nuclear magnetic resonance (NMR) spectra were recorded on the JEOL ECA-500 system (Jeol, Tokyo, Japan) in CDCl 3 . The spectra were referenced internally to tetramethylsilane (TMS) in 1 H-NMR and to the solvent in DNA Sequencing Analysis of Isodonis Extract and Isodonis Herba A 20-mg sample of each product was frozen under liquid N 2 and crushed using a mixer mill, MM-300 (Qiagen, Hilden, Germany). Genomic DNA was extracted and purified from the powdered sample using a DNeasy Plant Mini Kit (Qiagen). The ITS region (small subunit rDNA-ITS1-5.8S rDNA-ITS2-large subunit rDNA) of the nuclear rDNA was PCR amplified using the obtained genomic DNA as a template. For the commercial samples except Iso-H4 to H6, nested PCR was used to compensate for low DNA yield. PCR was performed using a DNA engine PTC-200 (Bio-Rad, Hercules, CA, U.S.A.) with Gene TaqNT DNA polymerase (Nippon Gene, Tokyo, Japan) and the following program: 94°C, 4 min; 40 cycles of 94°C, 30 s, 50°C, 30 s, and 72°C, 45 s; then 72°C, 4 min. The primers were designed based on the conserved sequence of the plant rDNA gene as follows: ITS-S1 5Ј-GGA-AGTAAAAGTCGTAACAAGG-3Ј and ITS-AS1 5Ј-TTTTCCTCCGCT-TATTGATATGC-3Ј for first-round PCR; and ITS-S2 5Ј-TCCGTAGGT-GAACCTGCGG-3Ј and ITS-AS2 5Ј-GTAGTCCCGCCTGACCTG-3Ј for second-round PCR. Excess primers and dNTPs were removed from the reaction mixture by Montage-PCR (Millipore, Billerica, MA, U.S.A.), and the amplicons were directly sequenced. Cycle sequencing was performed using a BigDye Terminator v3.1 cycle sequencing kit (Applied Biosystems). Subcloning of the amplicon into plasmid vectors was performed using a TOPO TA cloning kit (Invitrogen, Carlsbad, CA, U.S.A.). The DNA sequences were aligned with a Clustal W program. 25) The genetic distances for all pairs of sequence were calculated using Kimura's two-parameter distance. 26) Neighbor-joining (NJ) tree 27) was constructed on the basis of their distances. The statistical support for the nodes of the tree was determined using bootstrap method 28) based on 10000 replicates. Isolation of Oridonin (2) and Eriocalyxin B (3) MeOH extract (6.5 g) from 50 g Isodonis Herba (Iso-H2) was partitioned into hexane, CHCl 3 , EtOAc, BuOH, and aqueous layers. The EtOAc portion (438 mg) was fractionated into six fractions by silica gel column chromatography with a gradient elution of hexane/acetone. The fourth fraction was subjected to reversed phase-high performance liquid chromatography (HPLC) equipped with YMC-Pack ODS-A (20ϫ250 mm; YMC, Kyoto, Japan) with 45% MeOH isocratic elution, followed by treatment with activated charcoal and recrystallization from MeOH, affording 45 mg of 2.
Oridonin (2) 
LC-MS Analysis of Isodonis Extract and Isodonis Herba Samples
(1 g) were extracted with 50 ml EtOH at room temperature for 24 h. The extract was passed through 5C filter paper (Advantec, Ehime, Japan) and then the filtrate was concentrated in vacuo. The residue was dissolved with 5 ml EtOH and the solution was filtered through a 0.45 mm Milex-LH membrane filter (Millipore). The filtrate (5 ml) was injected into the LC/MS system under the following conditions: column, YMC-J'sphere-ODS-H80 (4.6ϫ250 mm; YMC); mobile phase, 40% MeOH (0 min) to 100% MeOH (30 min); flow rate, 1.0 ml/min; detection, ultraviolet (UV) 230 nm; and electrospray ionization (ESI) positive scan mode. The retention times of the three authentic compounds under the abovementioned conditions were as follows: 5.9 min for 1, 13.3 min for 2, and 17.2 min for 3.
Results and Discussion
In the current study, we initially investigated the genetic diversity among commercial Isodonis Herba products available in crude drug markets using DNA sequence analysis. Genomic DNA was prepared from each sample, and the ITS1 region of the nuclear rDNA was used for sequence alignment analysis, as the ITS2 region could not be analyzed by direct sequencing in some samples. Multiple sequences of Iso-H1 were detected, so the Iso-H1 amplicon was subcloned into plasmid vectors and three clones were sequenced.
Authentic I. japonicus (Iso-1 to Iso-3), I. trichocarpus (Iso-4 to Iso-6), and I. shikokianus var. occidentalis (Iso-7) all had specific sequences in the ITS1 region, and no intraspecific mutations were detected. These three Japanese species could thus be differentiated on the basis of the ITS1 sequences, which were registered in international nucleotide sequence databases (the DNA DataBank of Japan (DDBJ)/European Molecular Biology Laboratory (EMBL)/GenBank) as follows: I. japonicus, AB292804; I. trichocarpus, AB292805; and I. shikokianus var. occidentalis, AB292806. The phylogenetic tree constructed from the ITS1 sequences of commercial Isodonis herba is shown in Fig. 2 . All of the Isodonis Herba samples collected from Japan (Iso-H2 to Iso-H5) were estimated to originate from I. japonicus or I. trichocarpus, based on their ITS1 sequences. Among them, Iso-H2, Iso-H4, and Iso-H5 from Niigata Prefecture, Japan, derived from I. trichocarpus. This result is consistent with the distribution area of the plant on the Japan Sea side. 29) By contrast, the ITS sequences of Chinese Isodonis Herba (Iso-H1, and Iso-H6 to Iso-H8) differed from both I. japonicus and I. trichocarpus, so they were classified into other clusters. Furthermore, Iso-H1 had multiple sequences in the ITS1 region, although a single population was used in the genomic DNA preparation. This suggests that the source plant is a hybrid derived from varieties or species of Isodon plants. Based on these results, we concluded that the Chinese Isodonis Herba were distinct from, but closely related to, the original species of Japanese Isodonis Herba. Subsequently, ethanol extracts prepared from authentic Isodon plants and Isodonis Herba were subjected to LC/MS analysis, in order to investigate the chemical diversity. ϩ as the molecular related ions, respectively. The peak at RT 5.9 min was identified as 1 by comparison with the authentic sample. The peaks at RT 13.3 and 17.2 min were identified as 2 and 3, respectively, after these constituents were isolated from Isodonis Herba and Isodonis extracts, and compared with reported 1 H-and 13 C-NMR spectra data. [30] [31] [32] [33] The profiles were classified into four chemotypes (A to D) based on the major constituents. Types B and C contained 1 and 2 as major components, respectively. The presence of an intermediate (or mixed) form of types B and C in various ratios was also observed, which was designated type A. Type D contained 3 as its major component, containing no traces of 1 or 2. Typical LC profiles at 230 nm are shown in Fig. 3 , and the results of the analysis of species and chemotype are summarized in Table 3 . Among authentic I. japonicus (Iso-1 to Iso-3) and I. trichocarpus (Iso-4 to Iso-6), Iso-1 to Iso-5 contained both 1 and 2 while the predominant component varied according to the sample. Iso-6 mainly contained 2 and lacked 1. Thus, authentic I. japonicus (Iso-1 to Iso-3) and I. trichocarpus (Iso-4 to Iso-6) were classified as type A, B, or C. By contrast, no peaks corresponded to any of the three compounds (1-3) in authentic I. shikokianus var. occidentalis (Iso-7), which showed an unidentified peak at an RT of 15.5 min as its main component.
Japanese Isodonis Herba (Iso-H2 to Iso-H5) contained mainly 1 and/or 2, and were classified as type A or C. Type B was not detected, even though it was predicted based on the results of authentic I. japonicus and I. trichocarpus in Japan. All Japanese Isodonis Herba contained 1, while this was only weakly detected in Iso-H2 and Iso-H4. Chinese Isodonis Herba, Iso-H1, and Iso-H6 contained 3, but lacked 1, and were classified as type D. Iso-H7 and Iso-H8 mainly contained 2 and were type C. The commercial Isodonis extract product (Iso-E1) contained only 3, and lacked both 1 and 2, so was classified as the same type as Chinese Isodonis Herba Iso-H1 and Iso-H6 (type D). The sequence of Iso-H1 clone 2 was identical to that of Iso-H6 (Fig. 2) , and both contained 3 as their main component. This compound was first isolated from I. eriocalyx, 32) which was distributed in Yunnan, Guizhou, and Sichuan provinces in China, and was used as an antibacterial and antiinflammatory agent in Yunnan province under the name "Yanshukang". Taken together, these facts and our results indicate that the Iso-H6 purchased from the crude drug market in Guizhou province was derived from I. eriocalyx.
Our results showed that the Japanese Isodonis Herba products (Iso-H2 to Iso-H5) originated from I. japonicus and I. trichocarpus, while the Chinese Isodonis Herba products (Iso-H1, and Iso-H6 to Iso-H8) originated from distinct species, such as I. eriocalyx. Furthermore, one (Iso-H1) of the Isodonis Herba products purchased in a Japanese market was made from other Chinese Isodon plants rather than I. japonicus and I. trichocarpus, which are defined as the source plants in "the Japanese Standard for Non-Pharmacopoeia Crude Drugs". We deduced that the Isodonis extract product (Iso-E1), which can be processed from Isodonis Herba, was also not made from the stated source plant with 1 as its major component, but was from the incorrect species with 3 as its major one.
A qualitative theory on the relationship between bitterness and the chemical structures of bitter Isodon diterpenoids has previously been proposed. 24) According to this theory, it is necessary for a bitter compound to contain at least one "unit" of bitter taste, which consists of a proton-donor group (PD) and a proton-acceptor group (PA) that must be within a distance of about 1.5 Å, thereby making it possible to form an intramolecular hydrogen bond. In the paper, 24) 1 and 2 were regarded as bitter compounds based on a qualitative test. Another paper 33) reported 3 as a bitter agent under the name, rabdosianone I. Furthermore, the structures of 1, 2, and 3 found in Isodonis Herba from Japan and China match the above criteria. Namely, the 6-aldehyde and 18-hydroxyl groups equilibrated with the acetal ring in 1 serve as PA and PD, respectively. The 6-hydroxyl and 15-carbonyl groups in 2 and 3 work as PD and PA, respectively. These facts indicate that the compounds are bitter. Therefore, the extract made from Chinese Isodon plants could also be used as a bitter agent.
In recent years, it has been reported that the bitter taste perception is involved with the G protein-coupled receptors (GPCRs) called T2Rs or TRBs. 34) Whether the response of the GPCRs against the Isodon diterpenoids relates to the above theory is of current interest.
Based on the results of the present study, we suggest that the definition of Isodonis extract in "the List of Existing Food Additives" in Japan should not be restricted to I. japonicus and that it should be expanded to Isodon plants. In addition, we recommend that the description of its main bitter components should also be changed to ent-6,7-seco-kaurane or ent-kaurane-type diterpenoids from enmein. The extracts were classified into chemotypes A, B, C and D by the major constituents: enmein (1) and oridonin (2) for A, 1 for B, 2 for C, eriocalyxin B (3) for D. The LC/PDA/MS conditions were described in experimental section. 
